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Abstract

Purpose of Review This review presents the current understanding of the role played by liver biopsy in the diagnosis and
management of drug-induced liver injury (DILI).

Recent Findings While liver biopsy remains an optional procedure in the evaluation of DILI, it has the potential to provide
detailed information about the state of the liver. Recent histological surveys of DILI provide a framework for categorizing the
patterns of injury that may be seen. Pattern information can be used to distinguish DILI from other potential causes of injury, both
other acute injuries as well as pre-existing injury. The pattern of injury is related to differential diagnosis and in some cases can
suggest a mechanism of injury. The character and severity of the injury could potentially be used in clinical decision-making.
Examples of the use of liver biopsy in the context of DILI encountered in clinical trials are provided which highlight these points.
Summary Liver biopsy may be a useful tool in DILI evaluation, particularly in complex clinical situations and clinical trials with

experimental therapies.
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Introduction

The liver biopsy occupies a unique position in the evaluation
of drug-induced liver injury (DILI). Unlike the evaluation of
chronic viral hepatitis, in which liver biopsy has a well-
defined role in staging and grading, there is no specific role
for liver biopsy in DILI. Instead, obtaining a liver biopsy
during the clinical evaluation of DILI enlists the pathologist
as an expert consultant who can interpret the histological
changes in light of the patient’s clinical history and laboratory
evaluation. The American Association for the Study of Liver
Diseases (AASLD) position paper on liver biopsy does not
specifically address the use of liver biopsy in DILI, but it does
highlight the general use of the biopsy in situations where
multiple parenchymal disease may be present, there are abnor-
mal liver tests or fevers of unknown etiology, or when there
are unexplainable imaging abnormalities [1]. Each one of
these may apply in certain cases of suspected DILI. EASL
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guidelines for DILI recommend consideration of biopsy in
three situations: to support diagnosis of DILI or an alternate,
to help in the evaluation of DILI where serology is suggestive
of autoimmune hepatitis (AIH) and when injury persists lon-
ger than expected to inform management decisions and pro-
vide prognostic information. The AASLD and EASL guide-
lines provide complementary approaches since they look at
the value of liver biopsy from different points of view. They
also highlight the paucity of clinical evidence surrounding the
use of the liver biopsy in the diagnosis and management of
DILIL

Initial Biopsy Evaluation—Defining the Pattern

The pathologist must assess several aspects of the histological
changes to provide the best assistance to the clinical team
(Table 1). The evaluation may begin prior to the actual liver
biopsy procedure, with a communication from the clinical
team that a biopsy is being performed to evaluate suspected
DILI. Although most histological questions can be addressed
using a formalin-fixed specimen, some evaluations may re-
quire alternate techniques. Ultrastructural examination for ev-
idence of mitochondrial injury requires glutaraldehyde fixa-
tion for best results and may need to be sent out to a specialty
lab as many pathology departments no longer maintain
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Table 1 Systemic evaluation of

liver biopsies in DILI Biopsy finding

Questions addressed

Pattern of injury

* What is the non-drug differential diagnosis?

» Is the suspect drug associated with this pattern of injury?

Character of
injury

* Is the injury more inflammatory or structural (necrosis, fibrosis, duct loss)?

* Does the inflammation suggest immunoallergic (granulomas, eosinophils) or autoimmune

(plasma cells) immune reactions?

Severity of
injury

* Are there findings suggesting poor prognosis (extensive necrosis, microvesicular steatosis,
marked ductular reaction)?

« Is there potential for prolonged injury (chronic cholestasis, bile duct loss)?

diagnostic electron microscopy. Fat stains, such as oil red O,
require sectioning of the biopsy on a cryostat prior to process-
ing. Arrangements for these types of special handling should
be made prior to obtaining the liver biopsy.

Initial review of the biopsy should be unbiased and focused
on identification of the pattern of injury, as outlined below.
The liver, like many organs, has a limited number of stereo-
typical responses to insults. These form the basis of histolog-
ical differential diagnosis. Individual patterns may have nu-
ances that allow weighting of the differential diagnosis. For
example, both chronic hepatitis C and autoimmune hepatitis
share the chronic hepatitic pattern of injury, but autoimmune
hepatitis is more likely to have prominent plasma cells infil-
trates, particularly at the parenchymal interface. Most of the
determination of DILI causality will be based on the pattern of
injury and nuances that relate to certain drugs or other diseases
that need to be excluded from consideration. The pattern of
injury may raise additional questions relating to alternate ex-
planations of injury that require further testing. This is espe-
cially true of disease entities that are uncommon. For example,
the hepatitis associated with Epstein-Barr virus (EBV) has a
pattern of injury that is superficially similar to chronic hepati-
tis, but with the nuance of sinusoidal infiltrates [2]. This
“mononucleosis pattern” has been described in DILI, particu-
larly with phenytoin and possibly others, like dapsone, but
recognition of this pattern should prompt viral testing for
EBV [3, 4].

Classification of injury in hepatotoxicity has been ad-
dressed by several survey studies (Table 2). In one of the
earliest studies, Popper et al. classified hepatotoxic injury
into six histopathological categories: zonal injury (zone 3
necrosis often with steatosis), uncomplicated cholestasis
(centrilobular cholestasis without other abnormalities),
non-specific (i.e., non-viral) hepatitis with or without cho-
lestasis, viral hepatitis-like (which was further subdivided
into spotty necrosis, extensive zonal necrosis, and massive
necrosis), non-specific reactive hepatitis and steatosis [5].
Out of 155 cases in this early study, most were classified
as either non-specific hepatitis with cholestasis or the mas-
sive necrosis subcategory of the viral hepatitis-like injury.
After this study, histopathological classifications of
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hepatotoxicity were mainly to be found in book chapters
and reviews of the pathology of DILI. However, in 2014,
the Drug-Induced Liver Injury Network (DILIN) published
a histopathological survey of 249 cases of suspected
DILI, using a classification derived from the classification
put forward by Drs. Ishak and Zimmerman in Dr.
Zimmerman’s textbook of DILI [6]. This classification
included pattern-based categories dominated by
necroinflammation, cholestasis, steatosis, or vascular inju-
ry [7]. Additional categories were included for biopsies
showing minimal changes or complex pathology with
two or more patterns of injury. In the DILIN cohort, the
most common categories observed were acute and chronic
hepatitis, cholestatic hepatitis, and acute and chronic cho-
lestasis, which together accounted for 84% of the cases.
Wang et al. made use of the DILIN classification in their
evaluation of 590 cases of DILI from China [8e¢]. They
reorganized the classification to focus on targets of injury,
specifically hepatocytes, bile ducts, and vessels. Although
their largest number of cases remained in the acute
(lobular) hepatitis category, 9% of the cases showed vas-
cular injury as the main finding. The authors attributed this
observation to differences between Chinese and Western
populations with respect to herbal medications and con-
taminants (particularly arsenic). It seems clear that the dis-
tribution of injury patterns that might be prevalent in dif-
ferent populations may vary depending on differences in
medication exposure. Although drugs have been implicat-
ed in tumorigenesis, none of these classifications include
categories for tumors for practical reasons.

Character and Severity of Injury Provide Additional
Information

Once the pattern of injury is addressed, additional informa-
tion on the character and severity of the injury can be
described. Both can be used to guide clinical management
although research into translation of liver biopsy findings
to clinical decisions is lacking. The character of the injury
refers to the specific elements that may be present, partic-
ularly with respect to the inflammatory infiltrate. An injury
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Table 2 Comparison of
histological classifications for

DILI

Popper [5] Kleiner [7] Wang [8¢°]
Necroinflammatory patterns
Viral hepatitis-like Acute hepatitic Acute lobular hepatitic
» Mild
* Moderate
* Severe

Zonal injury
Viral hepatitis-like

Viral hepatitis-like

Non-specific drug-induced hepatitis without

cholestasis

Cholestatic patterns

Non-specific drug-induced hepatitis with

cholestasis

Uncomplicated cholestasis

Steatotic patterns
Drug-induced steatosis

Vascular patterns

Other patterns

Non-specific reactive hepatitis

Zonal necrosis

Non-zonal necrosis
Massive necrosis

Chronic hepatitic Chronic hepatitic

Granulomatous
Cholestatic hepatitic Cholestatic hepatitic
* Mixed injury
Acute cholestasis
Chronic cholestasis
* With VBDS

» Without VBDS

Acute cholestatic

Chronic cholestatic

Macrovesicular steatotic
Steatohepatitic
Microvesicular steatotic

Nodular regenerative
hyperplasia

Other vascular patterns Vascular injury

» Hepatoportal sclerosis

« Sinusoidal obstruction
Syndrome

Hepatocellular alteration

Minimal non-specific
changes

Absolutely normal

Mixed or unclassifiable
injury

Patterns are aligned into a best fit based on histological descriptions. Patterns are listed more than once if the
descriptions overlapped more than one category in another classification. VBDS, vanishing bile duct syndrome,
defines as > 50% of portal tracts without ducts

that is rich in inflammatory cells, particularly plasma cells,
lymphocytes, and granulomas, may suggest a benefit from
therapeutic immunosuppression. On the other hand, injury
that is more structural in character, such as vascular ob-
struction, bile duct loss, or fibrosis, may respond poorly
to therapies directed at the immune system.

Severity of the injury has been linked to outcome with certain
histological changes. Extensive necrosis has been linked to poor
outcome in several studies [7, 9—11]. Ductular reaction, which is
a proliferation of hepatic progenitor cells and may represent an

ineffective response to replicative failure in hepatocytes [12], has
also been noted to relate to poor outcome [7, 13]. Microvesicular
steatosis, often the result of mitochondrial injury, was associated
with acute liver failure and death in the series from the Drug-
Induced Liver Injury Network (DILIN) even though only one
case of pure microvesicular steatosis was identified [7]. This
suggests that in DILI, even focal areas of microvesicular steatosis
may be a marker of significant hepatocellular injury which is not
true when the same observation is made in non-alcoholic
steatohepatitis [14].
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The character of the inflammation has also been linked to
milder injury with better prognosis. These include eosinophils
and granulomas [7, 10], both of which are features of
immunoallergic immune responses [15]. On occasion, the bi-
opsy may show mild, non-specific findings, despite persistent-
ly abnormal biochemical tests. After careful exclusion of sub-
tle vascular injury patterns and changes indicating recovery
from acute hepatitis [16¢], consideration can be given to cau-
tious continuation of a beneficial medication. Such clinical
decision-making has been formalized for methotrexate, where
it is acceptable to continue administration of the drug until
hepatic fibrosis reaches the stage of bridging. Some of these
cases may represent the histological equivalent of adaptation,
in which the liver experiences mild injury on the way to de-
veloping tolerance to the drug [17].

Some patients experience prolonged biochemical injury
after stopping the suspect medication. This may suggest that
the suspect drug is not at fault and further work-up is neces-
sary to identify the cause of the patient’s abnormal laboratory
tests. However, the concept of “chronic DILI,” in which the
biochemical injury from a drug lasts for 612 months or more
is accepted. Such patients tend to be older and have cholestatic
presentations of liver enzymes [18]. Biopsies taken after
12 months of injury showed patterns of chronic liver disease,
including chronic cholestasis (60%), chronic hepatitis (20%),
and steatohepatitis (20%). Progression of fibrosis between ini-
tial biopsy and follow-up was seen in 8/15 patients [18]. Only
one patient showed regression of fibrosis. In the case that
regressed, the implicated drug was tamoxifen, and there was
resolution of steatohepatitis in the follow-up biopsy along
with disappearance of the fibrosis [18]. Six of the 15 patients
had new evidence of duct loss on the follow-up biopsy, sug-
gesting that vanishing bile duct syndrome could be a late
effect of drug injury as well as an acute finding [19¢].

Liver Biopsy in Clinical Trials

Liver biopsy may be helpful in evaluating cases of liver injury
in the context of clinical trials. When an experimental agent is
being tested and liver injury is detected, there is often little
information in the literature that can be used to decide whether
DILI has occurred. As noted above, a liver biopsy can provide
insight into many aspects of the injury and may uncover other
reasons for liver injury. Two examples of the use of liver
biopsy in clinical trial situations are reviewed.

In 1993, the National Institutes of Health conducted a phase
2 trial of fialuridine in patients with chronic hepatitis B.
Although the protocol called for 6 months of therapy, the trial
was terminated on an emergency basis after 13 weeks when
one of the patients developed hepatic failure and lactic acidosis
[20]. In two patients, the hepatic failure was rapidly progres-
sive, and they underwent liver transplantation. Tissue from ex-
plants was rush processed for frozen section oil red O staining,
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routine light microscopy and ultrastructural evaluation. The
sections showed diffuse microvesicular steatosis in addition
to residual chronic hepatitis B (Fig. 1a) [21]. Ultrastructural
examination revealed severe, diffuse mitochondrial injury, with
marked swelling and loss of the cristae (Fig. 1b). Additional
findings underscoring hepatocellular injury were marked gly-
cogen depletion, consistent with anaerobic metabolism and
marked ductular reaction, consistent with replicative failure of
hepatocytes. Although in this case, tissue was obtained through
transplantation rather than a needle biopsy, a wealth of infor-
mation on the toxicity was available within a few days. The
histological findings unequivocally confirmed that hepatocel-
lular mitochondrial injury was responsible for the hepatic fail-
ure and that the underlying liver disease played little or no role.
Similar injury patterns had been previously identified zidovu-
dine and didanosine, suggesting a class effect of certain types of
nucleoside analogues, and follow-up studies demonstrated dis-
ruption of mitochondrial DNA replication with gradual loss of
mitochondrial DNA [22-24].

The immune-related toxicity of checkpoint inhibitors pro-
vides a more recent example of the use of liver biopsy in clin-
ical trials. Checkpoint inhibitors are a class of drugs that block
receptors on T lymphocytes, preventing them from receiving
signals that inhibit activation. While the goal of therapy is to
overcome the inhibition of inflammatory responses induced by
a malignancy, one of the consequences of therapy is the devel-
opment of autoimmune injury in other parts of the body [25¢].
Checkpoint inhibitors have been developed that target the cy-
totoxic T lymphocyte antigen 4 (CTLA-4), the programmed
death receptor 1 (PD-1), and the ligand of PD-1 (PD-L1).
Early phase clinical trials of the first checkpoint inhibitor,
ipilimumab, an anti-CTLA-4 antibody, identified a number of
off-target autoimmune injuries, including the liver [26]. Five
cases of hepatitis with liver biopsies taken during clinical trials
were later gathered together and published [27]. All five cases
showed an acute hepatitis pattern of injury (Fig. 1c—e), which
excluded the possibility of an acute exacerbation of underlying
idiopathic autoimmune hepatitis. The index case (case 5)
showed acute hepatitis superimposed on pre-existing
steatohepatitis, demonstrating the ability of liver biopsy to iden-
tify and separate patterns of injury from distinct etiologies.
Subsequent publications of histological injury from checkpoint
inhibitors confirmed and extended these observations.
Ipilimumab with or without the addition of nivolumab (a PD-
1 inhibitor) has been associated with acute hepatitis patterns,
often with centrilobular accentuation and central vein
endothelitis [28]. Granulomas, including fibrin-ring granulo-
mas, have been reported with combination ipilimumab-
nivolumab therapy [29]. Most recently, Zen and Yeh have re-
ported bile duct injury with bile duct paucity in a patient treated
with nivolumab alone [30+]. They also evaluated the lympho-
cyte infiltrates in checkpoint inhibitor injury and demonstrated
that there were far fewer B lymphocytes and CD4-positive T
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Fig. 1 Examples of DILI from
clinical trials. a Microvesicular
steatosis due to fialuridine (H&E,
% 400). b Mitochondrial injury
from fialuridine. Mitochondria (*)
are enlarged and show loss of
cristae. Microvesicular steatosis
(#) is also present (x 6000). ¢
Acute hepatitis with panlobular
inflammation due to ipilimumab
(H&E, x 200). d Bile duct injury
(arrow) due to ipilimumab (H&E,
% 600). e Central vein
endothelialitis (arrow) due to
ipilimumab (Masson trichrome,

x 600). f Severe acute hepatitis
with bridging necrosis due to
pembrolizumab (H&E, x 40)

lymphocytes than in comparable cases of autoimmune hepati-
tis. While biopsy data from hepatic injury due to other check-
point inhibitors is limited, a recent case report of hepatitis from
pembrolizumab (a PD-1 inhibitor) demonstrated duct and vas-
cular injury along with an acute hepatitis with necrosis [31].
While it could be argued that the diagnosis of immune-related
injury in the liver would not require a liver biopsy, the patho-
logical changes have demonstrated that the immune targets
include duct epithelial and endothelial cells as well as hepato-
cytes and that the immune reaction is different from idiopathic
autoimmune hepatitis. These findings would not be apparent
without examining the tissue.

Conclusion

In 1974, an international group of expert hepatic pathologists
and hepatologists offered guidelines for the diagnosis of DILI,
focusing mainly on the use of the liver biopsy [32]. They
suggested five uses of the liver biopsy in DILI: (1)
Evaluating suspected DILI from an essential medicine by
ruling out the presence of underlying liver disease as the eti-
ology; (2) When options exist for the use of alternate

medications the presence of DILI lesions on biopsy might
spur the use of the alternates; (3) Exclusion of mechanical
biliary obstruction as the cause of the injury; (4) In unex-
plained liver disease, the pattern of injury might suggest a
drug etiology; (5) When liver injury occurs in clinical trials,
a biopsy may help differentiate between DILI caused by the
new drug and other etiologies. Although laboratory testing
and imaging have supplanted the use of the biopsy for some
of these indications, the general principles listed in 1974 re-
main. The biopsy may be used to help differentiate between
multiple possible injuries, identify contributions of underlying
disease, and assist in clinical decision-making and in clinical
trial situations when there may be additional questions about
the liver injury. Pathologists with specialty expertise in liver
disease understand the spectrum of histological liver injury
from multiple common and uncommon etiologies and there-
fore may serve as valuable clinical consultants when questions
remain about the status of the liver in clinical practice.
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